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Navy Department plans a major program in the field of electronics re- 
search, development and procurement in the coming months. Featured 
will be initial construction of world's largest radiotelescope, opera- 
tion of a Communication Moon Relay circuit, and extensive radar, sonar, 
and radio purchasing for fleet and shore installations. 


Radiotelescope -- Site clearing is now underway for a Navy radiotelescope to 
be located at Sugar Grove, W. Va. It will soon be announced that the device 
will be close to 440 feet in diameter, making it the world's largest. It is 
estimated that the huge "dish" will reach out some 38-billion light-years 
for studies of radio astronomy and basic research in communications. 


Moon Communications -- Navy is now testing and evaluating its program for 
a Communication Moon Relay employing the Moon as a passive relay station. 
@rirst circuit will be in regular operation this year between Washington, 
~~ D.C. and Pearl Harbor, Hawaii. Method is expected to provide greater re- 
liability and anti-jamming capacity. 


Optical Communications -- Navy is now evaluating a new short range tactical 
communication system involving optical equipment and flashing light, multi- 
channel voice and teletypewriter or facsimile capabilities. 


Submarine Communications -- Navy is stepping up construction of a VLF 
transmitting station in Maine in order to improve radio reception cap- 
ability of completely submerged submarines. A companion transmitter is 
planned for Guam and a high-powered, high-frequency transmitter is planned 
as a reinforcement. 


Shore Communications -- Navy plans to use forward propagation by iono- 
spheric scatter for shore stations on point-to-point radio circuits of 
less than 1200 miles distance where large capacity and high reliability is 
important. Microwave links will continue to be used on local circuits be- 
cause of economy of installation and maintenance and reduced vulnerability 
to war damage, sabotage and natural causes. 


Fleet Modernization -- Navy plans for initial procurement includes very 

long range, air search radars for about 33 ships, expected to at least 

triple current range and height detection; secure communications for 30 

submarines; variable depth sonars for 36 destroyers; central, radiological 

defense alarm system for 143 ships; high-precision navigation equipment for 

34 minesweepers to protect U.S. harbors. Existing programs, to be carried 
™® forward, include long-range single sideband equipment for about 100 ships; 

a radio antenna improvement program, and installation of electronic counter- 

measures detection equipment for 89 warships. 
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Special Report -- Army, Navy, Air Force Programs 


Here, for reference, SCIENCE TRENDS presents a condensed version of House 
Committee report on missile programs of the three services with special © 
emphasis on engineering, reliability and quality control for major mis- 

siles. Report summarizes policies now existing and outlines possible 

future trends. It is also expected to be of value in providing fresh 

insight into organizations such as the Army Ballistic Missile Agency, 

Air Force Ballistic Missile Division and Navy Special Projects Office. 


ARMY 


The current Army organization centers responsiblity for all missile 
programs in the U.S. Army Ordnance Missile Command (AOMC) at Huntsville, 
Ala. AOMC has recently been provided with direct channels to the Secre- 
tary of the Army and the Advanced Research Projects Agency (ARPA). The 
effectiveness of this new arrangement is not yet definitely established, 
but there is strong indication that it will expedite operations. , 
Specific missile programs under AOMC control are assigned to one of 
two groups: The Army Ballistic Missile Agency (ABMA) has responsibility 
for the Redstone and Pershing tactical ballistic missiles and the Jupiter 
intermediate range ballistic missile, in addition to the Army satellite 
and lunar probe programs; all other Army missile programs are administered 
by the Army Rocket and Guided Missile Agency (ARGMA). 

As background for the description of ABMA reliability efforts, it is 
of interest to note the ABMA methods of operation in comparison with those 
of ARGMA. The ABMA activities normally include all phases of research and 
development and, also limited production. Full-scale production is pro- 
vided by outside contractors using production methods and tooling whith ® 
duplicate those employed by ABMA in the Huntsville facility. This system 
is used for Redstone and Jupiter, with the Chrysler Corp. Missile Division, 
Detroit, Mich., serving as production contractor. The Pershing program 
employs a variation of this method: Basic engineering was done by ABMA, 
but detailed engineering and production are carried out under contract 
with the Martin Co. of Orlando, Fla. ARGMA, on the other hand, contracts 
for both development and production, and does not attempt any significant 
engineering at Huntsville. 


ABMA Engineering Philosophy--Of basic importance in relation to the 
scope and nature of the reliability efforts is the fact that the ABMA 
engineering team uses conservative design whenever possible. Dr. von 
Braun indicated his belief that research in engineering problems as well 
as basic research should be supported as projects entirely separate from 
missile programs and should have objectives for which military require- 
ments may not currently exist. The missile programs at 2AS3MA depend to 
the minimum extent on such research. Insofar as possible, ABMA missiles 
use currently available parts and components, and the programs depend 
only to a minor extent on new advances in the state of the art. Thus, 
unless time schedules are unduly compressed, the ABMA missile programs 
Should be classed as "low risk." There are two well-known examples of 
this conservative approach. When designing the Redstone missile, ABMA 
elected to assume no improvement in warhead design during the course of 
the Redstone development. The second illustration is the use of an air- 
bearing gyro, because of the simplicity and reliability of its design, 
rather than an advanced version. The gyro selected had been well de- © 
veloped in previous applications, and the only real problem was develop- 
ment of a production facility. 

The Army "arsenal concept" dictates the requirement of strong in- 
housing engineering capability. Talent is required for both design 
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and production engineering, since the entire program, from concept to pilot 
production, is carried out in one facility. Also essential are complete 
reliability, quality-control and quality-assurance programs. To maintain 
uniformity of methods and missile quality, ABMA requires its Redstone and 
Jupiter contractor, Chrysler Corp. Missile Division, to use practically 

the same equipments and procedures as those of the ABMA organization. 
Training programs for Chrysler personnel are carried out by ABMA at Hunts- 
ville. 


Responsibility for Reliability in ABMA--The basic allocation of work 
in the ABMA missile program gives to the Development Operations Division 
responsibility for all engineering activities prior to the production 
phase; when production begins, responsibility is assumed by the Industrial 
Division. Since major emphasis on reliability begins with the start of 
development, the reliability activities are assigicd to the Development 
Operations Division and, within that division, to the Systems Analysis. 
and Reliability Laboratory. The Industrial Division does not contain a 
formal reliability group, but it does have responsibility for maintaining 
the reliability level in the production phase. Quality-control activities 
are assigned to the Industrial Division. 

In the ABMA view, the reliability effort is largely engineering ef- 
fort. Under the present arrangement, the reliability group endeavors to 
isolate the problem by identifying the components or parts which are fail- 
ing and by determining the frequency of such failures; but it leaves to 
the appropriate engineers the responsibility for determining the exact 
cause of the failure and the steps required to effect a "fix." Problems 
disclosed by the reliability group are referred to other appropriate lab- 
oratories, such as the Guidance and Control Laboratory and the Systems 
Support Equipment Laboratory. 


ABMA Testing Program--Limitations of time and personnel are said. to 
have restricted testing activities in certain areas. For example, test- 
to-failure methods are not used in tests of some parts and assemblies, 
even though the ABMA reliability group would like to use them. The group 
feels, however, that this deficiency does not hamper reliability efforts 
too seriously. 

One weakness which the study staff believes to be quite important, 
and which has been observed also in other missile programs, is the lack 
of information concerning the exact effect of each test upon the reli- 
ability program. It would be highly desirable to know definitely whether 
or not the reliability would be adversely affected by dropping a given 
test. It is not unlikely that some useless tests are being performed, 
and, in general, the chances are that too much, rather than too little, 
testing of certain types is being done. The study staff is of the 
opinion that a program of test evaluation could be established with 
a potential payoff in time and money. 


AIR FORCE 


The Ballistic Missile Division (BMD), formerly the Western Develop- 
ment Division, of the Air Research Development Command (ARDC) is respon- 
sible for planning and developing ballistic missiles for the Air Force. 
The Ballistic Missile Office (BMO), formerly the Special Aircraft Project 
Office, of the Air Materiel Command (AMC) is responsible for contract 
matters and for procurement. Space "*echnology Laboratories (STL), 
formerly the Ramo-Wooldridge Guided Missile Research Division, was hired 
by the Air Force to assist in the engineering and technical direction, 
and in the coordination of all missile projects. This managerial arrange- 
ment was established following recommendations by the Strategic Missile 
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Evaluation Committee, headed by Dr. von Neumann, and by the Gillette 
Committee. 
Of the Air Force missiles, the staff considered primarily the Atlas 
and Titan intercontinental ballistic missiles and the Thor intermediate ! 
range ballistic missile. STL and the industrial contractor share design . 
responsibility for these missiles. Production by the industrial contractor 
is monitored by STL under Air Force surveillance. Prime contractors are 
Convair Astronautics for Atlas, Martin-Denver for Titar, and Douglas Air- 
craft for Thor. Major components are furnished by other contractors; for 
example, North American Rocketdyne for Atlas and Thor engines, and Aero- 
jet-General for Titan engines. 
The following comments concerning the nature of these three missile 

types and their development programs will indicate in a general way the 
requirements imposed on the reliability efforts: 

* The Atlas was designed to make maximum use of existing components 
and technology. 

* The Titan, theoretically more advanced than the Atlas may require 
higher reliability in all its components. 

* The Thor is more advanced in design than its predecessor, Jupiter, 
and has been treated as a high-priority, "crash" project. 


Development and Production--The Air Force approach to ballistic mis- 
sile development and production can be summarized as follows: 

* Because of the short time available for development, missile bodies 
with the final configuration are to be used for test firings. They are 
to be developed and built with the final production tools to permit 
earlier production in quantity. 

* Missile testing is to be performed in stages, progressing from the 
subsystem to the system. All components are to be tested before they 
are assembled in subsystems, and all subsystems are to be tested before . 
they are assembled into the final system. 

* Maximum use is to be made of ground and captive tests prior to the 
actual firing test. 

* The flight tests of the missile should progress in complexity, that 
is, the first missiles having only the strictly necessary components, all 
other components being added in successive tests until the final, complete 
product is tested. 


Criteria for Reliability Programs--The emphasis on reliability in 
the Air Force guided missile projects begins with the choice of con- 
tractors. A special AMC-ARDC review committee has developed a list of 
10 criteria by which to evaluate the reliability program of a potential 
contractor. A special ad hoc committee establishes the score for each 
contractor on the basis of the ratings which he receives under these 
criteria. 

Having determined the relative importance of each of these 10 points 
at the time of issuance of a contract, the Air Force can more easily 
monitor the contractor's reliability efforts during the performance of 
the contract. This monitoring is done by the reliability department of 
STL, with the help of yuality control inspectors assigned by the Air 
Force. 


The Coordinating Agency (STL)--The Air Force missile organization 
has the disadvantage of greater complexity’ because it inserts an addi- 
tional agency, STL, between the Air Force and the private contractor, 
who does the work. Since the industrial contractor is actually respon- & 
Sible for the final product, he must have the technical facilities and 
knowledge to accomplish the full project. The industrial contractor will 
therefore be likely to duplicate part of the effort made by STL; he may 
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also disagree with and resent the directions of that agency. One advantage 
of this arrangement is the increased probability of detecting gross error 
by additional review. Another is that it provides a mechanism for inter- 
change of information among three large programs. 


NAVY 


Discussion of reliability efforts in Navy ballistic missile work will 
be co-7~erned specifically with the Polaris missile, to which the Navy has 
assigned the highest priority. Development of this missile system, de- 
signed for submarine use, has been assigned to the Lockheed Co., while the 
contract for design of the guidance unit is placed with the Massachusetts 
Institute of Technology. 


Navy Organization for Polaris--Management of the various elements of 
the Polaris program, i.e., missile, submarine, development, and test 
facilities, ordinarily would have been divided among the Navy's Bureaus of 
Aeronautics, Ordnance, 2nd Ships. This traditional method was put aside, 
however, in favor of a Special Projects Office (SPO), established to di- 
rect and administer the entire Polaris weapon system program as a concen- 
trated, integrated effort. 

Headed by Rear Adm. W.F. Raborn, SPO reports directly to the Naval 
Ballistic Missile Committee, whose chairman is the Secretary of the Navy. 
The organization has been intentionally kept small in terms of personnel 
(about 200 people), but has strong administrative, decision-making, coordi- 
nating, and monitoring authority. There has been no intention to establish 
within SPO a capability for detailed technical work; rather, this function 
is left to the contractors. To increase the technical strength of the 
Organization, special staff assistants are on loan from Applied Physics 
Laboratory, Naval Research Laboratory, and Naval Ordnance Laboratory. In 
keeping with this concentration of authority vested in SPO, the agency 
has complete cost control over all parts of the program, including not 
only the missile, but also the submarine, test facilities, training of 
troops, and so forth. 


Reliability Effort of SPO--The reliability effort in SPO is essential- 
ly one of coordinating, reviewing, and establishing broad policy for the 
program as a whole. The major part of this effort is carried by =n engi- 
neer and statistician, assigned in a staff capacity to the Chief Engineer, 
Technical Division. Their position in the organization may be indicative 
of SPO's dictum, "reliability is everybody's business." The agency be- 
lieves that when a reliability group ~ecomes too large and assumes too 
many line functions, the reliability effort tends to concentrate in that 
group rather than permeate the rest of the organization. 


Reliability Goals for the Polaris--In its contract with Lockheed, 
the Navy established a numerical reliability goal for the Polaris missile. 
This number was not pulled “out of the hat," but was the result of one of 
the original feasibility studies conducted by SPO. For the purpose cf 
arriving at a value ,a goal) for the Polaris missile's reliability in 
operation, an operations research study was made to relate weapon system 
effectiveness (the weapon system consists of the missile, submarine, 
supply facilities, etc.) to costs, performance, and reliability. 

Following the assignment of the reliability goal to Lockheed, the 
reliability group at that company, in conference with the major subcon- 
tractors have allocated reliability goals to their major suppliers, who, 
in turn, have made similar allocations. In this allocation process, the 
state of the art is considered in establishing goals for each of the 
components. 
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General Comment on Reliability Goals--While the assignment of relia- 
bility goals must be considered a useful and necessary effort (in that it 
draws the line between a useful and nonuseful system), the problem associ- 
ated with reliability goals is in knowing when they have been achieved. 

As one of the major subcontractors expressed it, if the reliability goal 
were increased on his component, he would not do differently anything that 
he is doing now. It appears that achievement of higher reliability is not 
merely a matter of spending more money; it is also a problem of obtaining 
more knowledge. 

The management arrangement relating to work on the guidance package 
appears to be a potential detriment to the Polaris program. Although 
Lockheed is the prime contractor for development of the missile system, 
the MIT contract for design of the guidance package is with the Navy 
directly, on the basis that this will give more freedom to the MIT oper- 
ations. The contract for production of the guidance package is held by 
General Electric Co. The result is a somewhat involved management sit- 
uation, which at this time is working satisfactorily because of the mutual 
respect existing among the agencies concerned. 


Some significant conclusions and recommendations: 


Test Equipment -- Services should undertake further development and more 
extensive use of equipment for simultaneous environmental testing and 
for simulated flight testing of parts, components and completed missiles. 


Statistics -- Existing statistical theory on reliability is inadequate. 
Research on mathematical and statistical aspects should be expanded and 
knowledge gained should be made understandable to the average engineer. 


Materials -- Defense Department should encourage and stimulate broad 
programs of basic and applied research on new principles and techniques, 
mechanisms of failure and properties of materials. Development of high- 
performance and high-reliability parts should not wait for a specific 
military need. 


Committee staff warns of "dangers" in proposals that Government contracts 
for components include a sliding payment scale with increased payment to 
the manufacturer for increased reliability -- and a penalty in the event 
of degradation in reliability. 


Staff notes that this system would, in effect, authorize a manufacturer 
to make his own trade-off between cost and reliability; may make it to 
his advantage to accept a lower payment in order to divert time and pro- 
duction facilities to a more lucrative contract. 


House group looks with favor on Navy program under which several missiles 
now in production are being bought on contracts which require that ac- 
ceptance depend on the attainment of a certain limit of reliability, as 
evidenced by test firings of sample lots. 


GOVERNMENT SCIENCE AGENCY? Proposals for a Federal Department of Science 
and Technology will be aired at hearings April 16 and 17 before the Senate 
Subcommittee on Reorganization under Sen. Hubert Humphrey (D) Minn. 


Subcommittee states in a new Report: "A majority of scientists...fear 
that if a Department of Science is created, politicians and Government 
officials, who they assume do not understand the processes of scientific 
developments, will stifle the advancement of science by inflicting bureau- 
cratic controls upon its development. Similar arguments were advanced by 
doctors and educators against the creation of the Department of Health, 
Education and Welfare; it was argued that such action would promote so- 
Ccialized medicine and bring about Federal control over education. These 
fears and charges have been completely dispelled and disapproved..." 
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RESEARCH CHECKLIST 


( ) Metal Impact Research: Studies at the Army Engineer Laboratories have 
led to development of a method of measuring and recording transient 
elastic waves created in metals by impacts and explosions. The develop- 
ment is said to be accurate and simple in comparison with complicated 
and undependable methods attempted in the past. A strain gage attached 
to a metal bar picks off a reading from a shock wave. A reading is ampli- 
fied and displayed on the calibrated face of an oscilloscope where it is 
picked up by a Polaroid camera. 


(Details from Technical Liaison Office, U.S. Army Research and Development 
Laboratories, Ft. Belvoir, Va.) 


( ) Sonar Research Ship: Navy plans to build an experimental research 
ship with long-range sonar molded into the bow and a variable depth 
sonar built into the bottom of the hull. Ship will also include an 
unusual propulsion system consisting of counter-rotation propellors. 
It is believed that under normal search conditions there will be 
virtually no propeller cavitation effects. 


( ) Electronic Power Supply Research: Studies at the U.S. Navy Electronics 
Laboratory are said to indicate that few present-day power supply designs 
meet requirements with complete satisfaction. Inadequate design is said 
to contribute to erroneous results and performance failures of electronic 
equipment which depends upon regulated supplies for power. The need for 
larger output capacitors and filter capacitors is also cited. 


(Report available. Write OTS, U.S. Department of Commerce, Washington 25, 
D.C. for PB 151 121, 104 pages. $2.50) 


( ) Vibration Research: Wind-induced vibration of wire conductors has 
been investigated by the National Bureau of Standards as a means of 
limiting failures in telephone and power lines. The work has included 
a re-determination of the so-called Strouhal number, a basic constant | 
which permits vibrations to be predicted. Field tests also demon- 
strated the effectiveness of polyethylene sleeve dampers in eliminating 
vibration. 


(Report available. Free. Write National Bureau of Standards, Office 
of Technical Information, Washington 25, D.C. for Summary Technical 
Report No. 2335) 


( ) Gamma Radiation Devices: Studies at the Battelle Memorial Institute 
for the U.S. Air Force indicate that simple semiconductor devices can 

function as very high-intensity gamma radiation dosimeters. Research also 
indicates that several glass formulations show promise for such applications. 


(Report available. Write OTS, U.S. Department of Commerce, Washington 25, 
D.C. for PB 151 314. 111 pages. $2.50) 


( ) Isotope Tracing Research: U.S. Geological Survey is using radio- 
active tritium, an isotope of hydrogen, in tracing the flow of water 
above and below ground. Relative age of the water, from time of fall 
as rain or snow, can also be determined if the age does not exceed 
30 years. 
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PUBLICATIONS CHECKLIST 


( ) Soviet Coal Industry, a report on the Rapid Expansion of the Coal In- 
dustry in the U.S.S.R. Includes an assessment of coal resources and a a) 
map and brief descriptions of principal coal-bearing areas. Free. (Write 
Publications-Distribution Section, Bureau of Mines, 4800 Forbes Avenue, 
Pittsburgh 13, Pa. for Information Circular 7876) 


( ) Fuels, the 1957 Yearbook, just published by the Bureau of Mines pre- 
senting detailed statistics and economic information for all mineral fuels 
from the raw product to finished commodities. 480 pages. $2.25. (Write 
Superintendent of Documents, Government Printing Office, Washington 25, 
D.c. identifying sublication by title and year.) 


( ) Psychopharmacologic Drugs, a composite list of 137 research studies 
in this field supported by the Public Health Service. Identifies pro- 
jects and investigators and includes information on cyathesis of new 
drugs, screening of drugs and clinical trials. Free. (Write Information 
Office, National Institute of Mental Health, Bethesda 14, Md.) 


( ) Radiation Physics, a new circular presenting the energy spectrum or 
distribution resulting from the slowing down of electrons in various 
materials, including aluminum, copper, tin, lead and polyethylene. 

16 pages. 20 cents. (Write Superintendent of Documents, Government 
Printing Office, Washington 25, D.C. for NBS Circular 597) 


( ) National Science Foundation, the 1958 annual report of this major 
organization in the fiel<« of scientific research and development. In- 

cludes information on program activities and finances. 246 pages. $l. 

(Write Superintendent of Documents, Government Printing Office, Washington . 4 
25, D.c. for WS 1.1:958) 


( ) Navy Space Role, a series of articles relating to the U.S. Navy Space 
Program. Originally prepared for use at the Western Space Age Conference, 
March 5-7, 1959. 16 pages. 20 cents. (Write Superintendent of Documents, 
Government Printing Office, Washington 25, D.C. for Publication No. 201.2 
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( ) Electronics, a Navy training course for electronics technicians. In- 
cludes information on waveguide theory, propagation of radio waves, main- 
tenance procedures, subminiaturization, shore-station and shipboard an- 
tennas, principles of television, magnetic amplifiers, transistors and 
closed-circuit television. 714 pages. $2.75. (Write Superintendent of 
Documents, Government Printing Office, Washington 25, D.C. for Pub. No. D 
208.11:E 2/12) 


( ) International Geophysical Yea::, a comprehensive report to the Congress —-— 
on the IGY, its findings and its future. Includes material on Ionospheric 
studies, meteorology, geomagnetism, oceanography, rockets and satellites 

and other fields of interest. 197 pages. Free. (Write House Appropria- 
tions Committee, The Capitol, Washington 25, D.C. for National Science 
Foundation-National Academy of Sciences Hearings.) 


( ) Postal Automation, a full description of plans, policies and programs 
as summarized in SCIENCE TRENDS last week. Included in hearings, Post 
Office Department. 383 pages. Free. (Write House Appropriations Com- 
mittee, The Capitol, Washington 25, D.C.) 
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